ABSTRACT Five patients with respiratory disorders associated with hard metal exposure are described. In four patients electron microprobe analysis of bronchoalveolar lavage cells or lung tissue was used to show tungsten and other hard-metal components. Three patients had interstitial pneumonia and fibrosis with unusual multinucleate giant cells. Electron microscopy showed that the giant cells comprised both type II alveolar epithelial cells and alveolar macrophages. The multinucleate macrophages formed a distinctive feature of the bronchoalveolar lavage material but the multinucleate alveolar epithelial lining cells were evident only in lung tissue. The other two patients both suffered from work-related asthma, one of whom also had pulmonary opacities. Bronchial provocation tests in these patients supported the diagnosis of hard-metal-induced asthma and implicated cobalt as the agent responsible.
Hard metal is an alloy of tungsten carbide, cobalt, and occasionally other metals such as titanium and tantalum. Because of its hardness and resistance to high temperature it is used to make drill tips, tool edges, and armament components. In the manufacturing process the raw materials are ball milled and the resultant dry powder is mixed with wax, pressed into moulds, and heated to 1000°C (presintering). The presintered hard metal has the consistency of chalk and can be easily cut into the required shape. The shaped article is then heated to about 1500°C (sintering) to produce hard metal, which can be worked only with a diamond. Ball milling, working the presintered metal, and grinding the sintered product are all processes liable to produce dust.
Respiratory disease in the hard-metal industry has been recognised as a probable occupational hazard since 1940. ' The initial reports emphasised interstitial lung disease but more recently asthma has also been described. 2 5 -jum paraffin sections of lung tissue fixed in commercial formalin were used. These were stained with haematoxylin and eosin and elastin van Gieson for light microscopy or mounted on carbon stubs, deparaffinised, and subjected to elemental analysis as described above. For transmission electron microscopy, fresh lung tissue was fixed in cacodylate-buffered glutaraldehyde followed by osmium tetroxide and processed to Araldite, and ultra thin sections were stained with uranyl acetate and lead citrate.
Occupational A man of 48, a non-smoker, presented with a fouryear history of progressive shortness of breath and a cough productive of a small amount of mucoid sputum. He had ground hard metal tools and drills on a diamond wheel for nine years. On examination there were bilateral crackles in his chest. His chest radiograph showed bilateral basal reticular shadowing, whereas a radiograph two years previously had shown only minimal changes. Haemoglobin concentration, total and differential white cell counts, and ESR were normal. An autoantibody screen was negative and no avian or Micropolyspora faeni precipitins were detected. Lung function tests showed a restrictive defect with an FEVI of 2400 ml (predicted 3070-4160 ml) and an FVC of 2600 ml (predicted 4150-5620). An open lung biopsy showed fairly severe interstitial lymphocytic infiltration and fibrosis with many macrophages in the alveolar spaces. Many of the alveolar macrophages formed multinucleate giant cells and occasionally on the walls of the alveoli small syncytial clusters of nuclei were observed, similar to the multinucleate epithelial cells seen in the first two cases; but no granulomas were seen. Black dust particles were seen in both mononuclear and multinuclear macrophages and polarising microscopy showed a small amount of birefringent dust. Electron microprobe analysis detected many tungsten and titanium particles. He was treated with prednisolone 30 mg/day and two months later his exercise tolerance had improved from one to two flights of stairs; the radiological shadowing had decreased and his lung function had improved, his FVC being 3000 ml. He has been maintained on an average of 7*5 mg per day of prednisolone for 14 years. During this time his symptoms were unchanged but his chest radiographs and lung function tests showed slight 'deterioration. He retired at the age of 62, having continued working in the same job. CASE 4 A 41-year-old Jamaican woman had been well until the age of 37, when three months after starting work Davison, Haslam, Corrin, Coutts, Dewar, Riding, Studdy, Newman-Taylor as a cutter and grinder of presintered hard metal she developed rhinitis and asthma. She had never smoked. Initially her symptoms developed one hour after she had started work and improved after she had left work. Her symptoms gradually became more severe and she was unable to work three years after starting employment. She was admitted to hospital for investigation when she had been away from work for nine months. She appeared normal on physical examination, and skin prick tests to common allergens gave negative results. The haemoglobin concentration; total and differential white cell counts; and serum IgG, IgM, IgA, and IgE concentrations were normal. A chest radiograph was normal. Lung function tests showed reversible airway obstruction. Bronchial provocation tests with 100 g of hard-metal powder for five minutes produced a 24% fall in FEV1 immediately and a 42% fall at 10 hours. Despite avoidance of exposure she has continued to require treatment for intermittent attacks of asthma.
CASE 5
A 45-year-old man had complained of exertional dyspnoea with episodic cough and wheeze for five years. He had worked for 20 years mixing cobalt and tungsten powders and until a few years before he had smoked 40 cigarettes a day. On examination bilateral wheezes and basal crackles were heard in his chest. Skin prick tests to common inhalant allergens gave negative results. The chest radiograph showed fine nodular shadowing throughout both lung fields, more noticeable in the upper and mid zones. The haemoglobin concentration, total and differential white cell counts, and ESR were normal. Serum IgG, IgM, IgA, and IgE were normal. No His symptoms had no diurnal variation and he had noticed no improvement when away from work, but two-hourly daytime measurements of PEFR made over a six-week period showed diurnal and between-day variability with evidence of improvement when away from work at weekends. During this period the average PEFR during the week fell from 320 1/min in the first week to 270 1/min in the sixth week. In hospital PEFR spontaneously increased over four weeks to 420 1/min.
The findings at bronchoscopy were normal but a bronchial biopsy showed chronic inflammation. Bronchoalveolar lavage was performed after the patient had been away from work for three weeks (table 2) . Seventy-one per cent of the cells were neutrophils, 25% macrophages, 1-5% eosinophils, and 1-7% lymphocytes. Numerous refractile particles were present in 21 % of the macrophages. Microprobe elemental analysis showed tungsten, iron, and occasionally tantalum. Cobalt was not detected within the cells or in the cell-free lavage fluid. Inhalation testing with 50 g of cobalt powder for five minutes produced a 17% fall in FEVy at 50 minutes and a 19% fall at 9 hours; no reaction was provoked by a five-minute inhalation test with 50 g of tungsten carbide powder.
With reduced exposure to hard-metal dust and treatment with inhaled salbutamol and beclamethasone, the patient has remained symptom free; but lung function tests, although the values have improved, continue to show an obstructive ventilatory defect, the FEV1 being 2125 ml, FVC 3825, and FEV,/FVC% 56. His chest radiograph has not changed over two years.
Discussion
Interstitial lung disease has been reported in hardmetal workers in several industrialised countries over the last 40 years. ' 6-9 Most pathological information has been obtained at necropsy, when fibrosis has been the dominant feature; but there have been occasional reports based on biopsies describing interstitial infiltrates with hyperplastic alveolar epithelium, cellular accumulation within alveoli, and giant cells of histiocytic appearance.7 Asthma has also been reported in hard-metal workers2 3 and evidence that cobalt may be the responsible constituent of the hard metal is supported by the results of our bronchial provocation tests. It has recently been suggested that hard-metal pneumonitis is found mainly in workers handling the metal before it is sintered, while asthma is seen in grinders of sintered hard metal.'0 This is not borne out by our experience. Two of our patients handled sintered hard metal and developed interstitial lung disease; of the two who handled the presintered material, one had asthma and one interstitial disease. The patient who mixed cobalt and tungsten powders before they were sintered had both asthma and radiographic opacities, the asthma being the more prominent.
Our first patient had interstitial lung disease with mural, luminal (so-called desquamative), and giant-cell features together with bronchiolitis obliterans. Our second patient showed similar interstitial lung disease, while the third had more advanced interstitial fibrosis and less noticeable luminal giant-cell features but otherwise resembled patients interstitial lung disease,"' and transition from desquamative to giant-cell interstitial pneumonia has been previously described. '2 13 Bronchiolitis obliterans is a well-recognised effect of inhaling noxious fumes'4 and occupational factors are often implicated in interstitial lung disease. Asbestosis is typically a mural process, while appreciable luminal lesions have been reported in workers exposed to many dusts, including hard metal,7 asbestos,'5 talc, '6 and aluminium. This condition, however, typically affects infants and is characterised by prominent viral inclusion bodies, which were not seen in our hard-metal workers. With regard to the constituent of hard metal responsible for the interstitial pneumonia, animal experiments suggest that cobalt is toxic to the lung and possibly exerts a synergistic effect when combined with tungsten carbide or titanium. 2' 22 Cobalt is highly soluble in biological fluids, and after inhalation there is an initial phase of rapid urinary excretion over about two days. This is followed by an extended phase of low-level excretion. Cobalt was detected in lung tissue, bronchoalveolar lavage fluid, and urine in only one patient (case 2); but all the specimens were taken at least three weeks after the patients had stopped work, and cobalt is very soluble in biological fluids. 23 The different cobalt concentrations present in the two lavage fluid specimens in the second case could be due to the presence of particulate cobalt in one specimen. Positive skin patch test responses to cobalt have been reported in hard-metal workers9 but one of our cases shows that this is not always a feature of those developing alveolar disease. It has recently been stated that the histological appearances of the lung resemble those of hypersensitivity pneumonitis.'0 This was not true of our patients in that no granulomas were seen.
Review of previously reported cases suggests that the interstitial lung disease associated with exposure to hard metal is relatively uncommon, with a prevalence of only 7% in one industry,7 and that the progression of the disease is very variable. Radiological shadowing may progress slowly6 or very rapidly. 7 Removal from exposure may result in radiological clearing but symptomatic and radiological deterioration has been reported after re-exposure.679 Our first patient developed a severe restrictive ventilatory defect after only 25 months' work with hard metal. Our fifth patient by contrast developed symptoms only after 15 years of working with hard metal, and although he had nodular shadowing on his chest radiograph his main clinical problem was asthma and his lung function tests showed an obstructive ventilatory defect.
There is evidence suggesting that cobalt is the causative agent of hard-metal workers' asthma. Work-related asthmatic symptoms have been described not only with hard metal23 but also in workers exposed to cobalt alone.2425 In one of our cases we found that cobalt alone but not tungsten carbide gave a positive response in the bronchial provocation test. An allergic rather than a toxic basis for the asthmatic response is supported by a negative result in the bronchial provocation test in a patient (not reported in this study) who was suspected but not proved to have hard-metal asthma; this patient was exposed to 50 g of cobalt powder for 30 minutes without effect.
Our patients' asthmatic patterns show some similarity to other occupational asthmas. The fourth patient initially showed typical work-related symptoms but then developed severe perennial asthma despite having stopped work with hard metal, a pattern of asthma similar to that reported in the asthma induced by the Western red cedar.26 Our 
